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(54) Title: PDE9 INHIBITORS FOR TREATING CARDIOVASCULAR DISORDERS 

ON 




(57) Abstract: The invention relates to PDE9 inhibitors for treating cardiovascular 
disorders. Preferred PDE9 inhibitors are compounds of formula (I) wherein R^ is H or 
Ci.6 alkyl, wherein R* is attached to either N^ or N^; R^ is Ci^ alkyl optionally substi- 
tuted by hydroxy or alkoxy; C3.7 cycloalkyl optionally substituted by alkyl, hydroxy 
or alkoxy; a saturated 5-6-membered heterocycle optionally substituted by alkyl, hy- 
droxy or alkoxy; het^ or Ar^ R^ is Ci^ alkyl optionally substituted by 1 or 2 groups 
independently selected from: Ar^; C3.7 cycloalkyl optionally substituted by Ci^ alkyl; 
OAr*; SAr2; Sar*; NHC(0)Ci.6 alkyl; het^ xanthene; and naphthalene (I). 
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coronary angioplasty), peripheral vascular disease, renal disease (especially that 
occuning wrth diabetes), angina (including stable, unstable and variant 
(Prinzmetal) angina), myocardial ischaemia and any condition where improved 
blood flow leads to improved end organ function. More preferably the 
5 cardiovascular disease is systemic hypertension. 

Altematively the cardiovascular disease may be associated with other conditions, 
particulariy hypertension associated with diabetes. 

10 According to a further aspect there Is provided the use of a PDE9 inhibitor in the 
manufacture of a medicament for treating a condition selected from: male sexual 
dysfunction (particularly male erectile dysfunction othenAfise known as 
impotence); female sexual dysfunction (FSD) (particularly female hypoactive 
sexual desire disorder, female sexual arousal disorder, female sexual pain 

15 disorder, female orgasmic dysfunction, clitoral dysfunction, dysfunction caused 
by spinal cord injury and selective serotonin re-uptake inhibitor induced sexual 
dysfunction), premature labour, dysmenorriioea, benign prostatic hyperplasia, 
bladder outlet obstruction, Incontinence, nitrate induced tolerance, bronchitis, 
allergic asthma, chronic asthma, allergic rhinitis, diseases and conditions of the 

20 eye (for example glaucoma and optic neuropathy, macular degeneration, 
elevated intra-ocular pressure, retinal or arterial occlusion), diseases 
characterised by disorders of gut motility (for example irritable bowel syndrome), 
pre-eclampsia, Kawasaki's syndrome, nitrate tolerance, multiple sclerosis, 
neuropathy (Including autonomic and peripheral neuropathy), Alzheimer's 

25 disease, acute respiratory failure, psoriasis, skin necrosis, cancer, metastasis, 
baldness, nutcracker oesophagus, anal fissures, haemontioids, hypoxic 
vasoconstriction and stabilisation of blood pressure during haemodialysis. 

Without being bound by any theory, we believe that PDE9 Inhibitors treat 
30 cardiovascular diseases by acting on the nitric oxide/cGMP pathway to mediate 
relaxation of vascular smooth muscle, thereby causing hypotension, augmenting 
vascular flow and thus protecting end organ function in disease states where 
blood flow is compromised. 
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The Caco2 flux value can be determined by standard procedures known in the 
art such as described in Artursson, P and Magnusson, C; J. Phann. Sci, 79(7), 
595-600, 1990. 

5 Metabolic stability addresses the ability of the GIT or the liver to metabolise 
compounds during the absorption process: the first pass effect. Assay systems 
such as microsomes, hepatocytes etc are predictive of metabolic lability. 
Prefersd3ly the PDE9 inhibitors show metabolic stability in the assay system that 
is commensurate with an hepatic extraction of less then 0.5. Examples of assay 
10 systems and data manipulation are described in Obach, RS; Curr. Opin. Drug 
Disc. Devel. 4(1), 36-44, 2001 and Shibata, Y etal.; Drug Met. Disp. 28(12), 
1518-1523, 2000. 

Because of the interplay of flie above processes, further support that a drug will 
15 be orally bioavailable in humans can be gained by in vivo experiments in animals. 
Absolute bioavailability is determined in these studies by administering the 
compound separately or in mixtures by the oral route. For absolute 
determinations (% absorbed) the intravenous route is also employed. Examples 
of the assessment of oral bioavailability in animals can be found in Ward, KW et 
20 a/.; Drug Met. Disp. 29(1), 82-87, 2001 ; Bemian, J et al.; J. Med. Chem. 40(6), 
827-829, 1997 and Han KS and Lee, MG; Drug Met Disp. 27(2). 221-226, 1999. 

A preferred PDE9 Inhibitor is a compound of fomnuia I, a phamnaceutically 
acceptable salt, solvate or prodrug thereof 



o 




25 



(0 FP 



wherein 

is H or Ci^alkyl, wherein R^ is attached to either or N^; 
R^ is Ci.6alkyl optionally substituted by hydroxy or ail<oxy; C3.7cycloaikyl 



optionally substituted by ali<^, hydroxy or alkoxy; a saturated 5-6- 



30 



membered heterocycle (preferably tetrahydrofuran, tetrahydrothiophene, 
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A more preferred PDE9 inhibitor is a compound of fomiula la, a pharmaceutically 
acceptable salt, solvate or prodrug thereof 



wherein 

isHorCi^alkyl; 

is alkyi optionally substituted by hydroxy or alko)^; C3.7 cycloalkyl 
optionally substituted by alkyI, hydroxy or alkoxy; a saturated 5-6- 
membered heterocycle (preferably tetrahydrofuran, tetrahydrothiophene, 
pyrrolidine or piperidine) optionally substituted by alkyI, hydroxy or alkoxy; 
het^ orAr^ 

R^ is Ci^alkyl optionally substituted by 1 or 2 groups independently selected 
from: Ar^; Cg-ycycloalkyl optionally substituted by Ci-ealkyI; OAr^; SAi^; 
NHC(0)Ci-6alkyl; het^; xanthene; and naphthalene; 

wherein Ar^ and Ar^ are independently groups of formula 



wherein R"*, R^ and R® are independently selected from: hydrogen, halo, 
phenoxy, phenyl, CF3, OCF3, R^, SR^ and OR^, wherein R^ is Ci-e alkyI 
optionally substituted by het^ or by a phenyl group optionally substituted by 
1, 2 or 3 groups independently selected from halo, CF3, OCF3, Ci^alkyl 
and Ci-ealkoxy; or wherein R^ and R^ combine to form a 3 or 4 atom link, 
wherein said link may incorporate one or two heteroatoms Independently 
selected from O, S and N; and 
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Unless otherwise indicated, any alkyi group may be straight or branched and is of 
1 to 6 carbon atoms, preferably 1 to 4 and particularly 1 to 3 carbon atoms. 

Halo means fluoro, chloro, bromo or lodo. 

Preferably is hydrogen or CH3. More preferably is hydrogen. 

Preferably R^ Is Cm alkyl. cydopentyl or pyridyl. More preferably R^ Is 3-pyridyl. 

Preferably R^ is Ci^ alkyl optionally substituted by 1 or 2 groups independently 
selected from: Ar^, Ca-Tcycloalkyl optionally substituted by Ci^alkyl and hel^. 
More preferably R^ is Ci^ alkyl optionally substituted by Ar^. Most preferably R® is 
methyl substituted by Ar^. 

Preferably R'*, R^ and R^ are independently selected from: hydrogen, halo, 
phenoxy, phenyl, CF3, OCF3, R^ SR^ and OR^ wherein R^ is Ci^alkyl optionally 
substituted by a het® group or by a phenyl group optionally substituted by 1 ,2 or 3 
groups independently selected from halo, CPs, OCF3 , alkyl and Ci^alkoxy; 
or wherein R* and R^ combine to fonm a 3 atom link wherein said link contains an 
oxygen atom. 

More preferably R*, R® and R® are independently selected from hydrogen, halo, 
CF3, OCF3, phenoxy, and OCi^ alkyl optionally substituted by phenyl optionally 
substituted by halo, CF3, OCF3 or Ci-e alkyl. 

Yet more preferably R*, R* and R^ are independently selected from hydrogen, 
chloro, OCF3, CF3, phenoxy and OCi^ alkyl substituted by phenyl. 

Most preferably, R*, R^ and R^ are independently selected from hydrogen, chloro, 
OCF3 and OCi^ alkyl substituted by phenyl. 



Preferably het^ is an aromatic 5-6 membered heterocycle containing 1 or 2 
nitrogen atoms optionally containing a further heteroatom, said heterocycle being 
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Compounds of formula I as defined hereinabove in the various embodiments of 
the first aspect are novel. Therefore according to a second aspect, the invention 
provides a compound of formula I, a phamnaceutically acceptable salt, solvate or 
5 prodrug thereof defined hereinabove in the various embodiment of the first 
aspect. 

For the avoidance of doubt, unless otherwise indicated, the tenn substituted 
means substituted by one or more defined groups. 

10 

For the avoidance of doubt, the tenn independently means that where more than 
one substituent is selected from a number of possible substituents, those 
substituents may be the same or different. 

15 The phannaceutically acceptable salts of the compounds of fomiula I which 
contain a basic centre are, for example, non-toxic acid addition salts fonned with 
inorganic acids such as hydrochloric, hydrobromic, hydroiodic, sulfuric and 
phosphoric acid, with carboxylic acids or with organo-sulfonic acids. Examples 
include the HCI, HBr, HI, sulfate or bisulfate, nitrate, phosphate or hydrogen 

20 phosphate, acetate, benzoate, succinate, saccharate, fumarate, maleate, lactate, 
citrate, tartrate, gluconate, camsylate, methanesulfonate, ethanesulfonate, 
benzenesulfonate, p-toluenesulfonate and pamoate salts. Compounds of fonnula 
I which contain an acidic centre can provide pharmaceuticaliy acceptable metal 
salts, in particular non-toxic altedi and alkaline earth metal salts, with bases. 

25 Examples include the sodium, potassium, aluminium, calcium, magnesium and 
zinc salts. Alternatively organic salts can be made, for example the 
diethanolamine salt For reviews on suitable phamriaceutical salts see Berge et 
al, J. Pharm, Sci., 66, 1-19, 1977; P L Gould, international Journal of 
Pharmaceutics, 33 (1986), 201-217; and Bighley etal, Encyclopaedia of 

30 Pharmaceutical Technology, Marcel Dekker Inc, New Yoric 1 996, Volume 13, 
page 453-497. 
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316 and in "Design of Prodrugs" by H. Bundgaard, Elsevier, 1985, Chapter 1 (the 
disclosures in which documents are incorporated herein by reference). It will further 
be appreciated by those sWIIed in the art, that certain moieties, known to those 
skiiled In the art as "pro-moieties", for example as described by H. Bundgaard in 

5 ''Design of Prodrugs" (the disclosure in which document is incorporated herein by 
reference) may be placed on appropriate functionalities when such functionalities 
are present within compounds of the invention. Pretended prodoigs for compounds 
of the invention include: esters, carbonate esters, hemi-esters, phosphate esters, 
nitro esters, sulfate esters, sulfoxides, amides, carbamates, azo<x)mpounds, 

10 phosphamides, glycosides, ethers, acetals and ketals. 



The invention also includes all suitable Isotopic variations of a compound of the 
invention. An Isotopic variation of a compound of the Invention is defined as one 
in which at least one atom is replaced by an atom having the same atomic 

15 number but an atomic mass different from the atomic mass usually found in 
nature. Examples of isotopes that can be incorporated into compounds of the 
invention include isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorus, 
sulphur, fluorine and chlorine such as ^H, ^H, ^^C, ^^C, ^^N, ^^O, ^®0, ^V, ^^P, ^S, 
and ^^Cl, respectively. Certain isotopic variations of the invention, for 

20 example, those in which a radioactive isotope such as or ^^C is incorporated, 
are useful in drug and/or substrate tissue distribution studies. Tritiated, i.e., ^H, 
and cari3on-14, i.e., ^*C, isotopes are parliculariy preferred for their ease of 
preparation and detectabllity. Further, substitution with isotopes such as 
deuterium, i.e., ^H, may afford certain therapeutic advantages resulting from 

25 greater metabolic stability, for example, increased in vivo half-life or reduced 
dosage requirements and hence may be preferred in some circumstances. 
Isotopic variations of the compounds of the invention can generally be prepared 
by conventional procedures such as by the illustrative methods or by the 
preparations described In the Examples and Preparations hereafter using 

30 appropriate Isotopic variations of suitable reagents. 

Compounds of the invention may be prepared by the following reaction schemes. 
In the following reaction schemes and hereafter, unless othenvise stated, to 
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Alternatively, the reaction shown In reaction scheme 2 may be canied out by 
addition of a peptide coupling agent such as 0(7-azabenzotriazol-1-yl)- 
N.N.N'.N'-tetramethyluronium hexafluorophosphate (HATU) to a mixture of the 

5 compounds of fonnula III and IV. This reaction Is carried out in a suitable solvent 
such as dichloromethane, pyridine, N.N-dimethylfomnamide (DMF), N,N- 
dimethylacetamide (DMA) or lHmethyl-2-pyrrolidinone at a temperature between 
O'C and the reflux temperature of the solvent. The reaction is preferentially 
canied out by activation of the compound of formula IV with GDI in pyridine under 

10 refluxing conditions. 



Scheme 2 




(IV) (») 



15 Compounds of general fonnula III may be prepared from easily obtained starting 
materials using processes described in the preparative examples hereinafter and 
described In European Patent EP0463756. 

Compounds of general formula IV may be prepared from easily obtained starting 
20 materials using processes similar to those described in the preparative examples 
hereinafter. In addition many compounds of general fomiula IV are commercially 
available. 



A pharmaceutically acceptable salt of a compound of the fomnula I may be 
25 readily prepared by mixing together solutions of a compound of the fonnula I and 
the desired acid or base, as appropriate. The salt may precipitate from solution 
and be collected by filtration or may be recovered by evaporation of the solvent. 
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Starch 

Croscarmellose sodium 
Magnesium Stearate 



21.375 

3.000 

1.500 



5 * Quantity adjusted in accordance with drug activity. 



The tablets are manufactured by a standard process, for example, direct 
compression or a wet or dry granulation process. The tablet cores may be 
coated with appropriate overcoats. 

10 

Solid compositions of a similar type may also be employed as fillers in gelatin or 
HPMC capsules. Preferred excipients in this regard include lactose, starch, a 
cellulose, milk sugar or high molecular weight polyethylene glycols. For aqueous 
suspensions and/or elixirs, the compounds of the invention may be combined 
15 with various sweetening or flavouring agents, colouring matter or dyes, with 
emulsifying and/or suspending agents and with diluents such as water, ethanol, 
propylene glycol and glycerin, and combinations thereof. 



Modified release and pulsatile release dosage forms may contain excipients such 
20 as those detailed for immediate release dosage fomis together with additional 
excipients that act as release rate modifiers, these being coated on and/or 
included in the body of the device. Release rate modifiers include, but are not 
exclusively limited to, hydroxypropylmethyl cellulose, methyl cellulose, sodium 
cart30xymethylcellulose, ethyl cellulose, cellulose acetate, polyethylene oxide, 
25 Xanthan gum, CariDomer, ammonio methacrylate copolymer, hydrogenated 
castor oil, carnauba wax, paraffin wax, cellulose acetate phthalate, 
hydroxypropylmethyl cellulose phthalate, methacrylic acid copolymer and 
mixtures thereof. Modified release and pulsatile release dosage fomns may 
contain one or a combination of release rate modifying excipients. Release rate 
30 modifying excipients may be present both within the dosage form I.e. within the 
matrix, and/or on the dosage fomri, i.e. upon the surface or coating. 



1A 
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Thus tablets or capsules of the compound of the invention may contain from 0.01 
mg to 500 mg (for example 10 mg to 250 mg) of active compound for 
administration singly or two or more at a time, as appropriate. The physician in 
any event will detemiine the actual dosage which will be most suitable for any 

5 individual patient and it will vary with the age, weight and response of the 
particular patient The above dosages are exemplary of the average case. 
There can, of course, be individual instances where higher or lower dosage 
ranges are merited and such are within the scope of this invention. The stalled 
person will appreciate that the compounds of the invention may be talcen as a 

1 0 single dose as needed or desired. 



The compounds of the invention can also be administered intranasally or by 
inhalation and are conveniently delivered in the fomi of a dry powder inhaler or 
an aerosol spray presentation from a pressurised container, pump, spray, 

15 atomiser or nebuliser, with or without the use of a suitable propellant, e.g. 
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, a 
hydrofluoroalkane such as 1 ,1 ,1 ,2-tetrafluoroethane (HFA 134A [trade mark]) or 
1,1,1 ,2,3,3,3-heptafluoropropane (HFA 227EA [trade mark]), carbon dioxide or 
other suitable gas. In the case of a pressurised aerosol, the dosage unit may be 

20 detemiined by providing a valve to deliver a metered amount. The pressurised 
container, pump, spray, atomiser or nebuliser may contain a solution or 
suspension of the active compound, e.g. using a mixture of ethanol and the 
propellant as the solvent, which may additionally contain a lubricant, e.g. sorbitan 
trioleate. Capsules and cartridges (made, for example, from gelatin) for use in an 

25 inhaler or insufflator may be formulated to contain a powder mix of a compound 
of the invention and a suitable powder base such as lactose or starch. 

Aerosol or dry powder formulations are preferably an^anged so that each metered 
dose or ''puff contains from 1 jug to 50 mg of a compound of the invention for 
30 delivery to the patient. The overall daily dose with an aerosol will be in the range 
of from 1 ^ig to 50 mg which may be administered in a single dose or, more 
usually, in divided doses throughout the day. 



M 0 
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commonly used and suitable examples are described In WQ-A-91/1 1 172, WO-A- 
94/02518 and WO-A-98/55148. 



The present invention additionally comprises the combination of a PDE9 inhibitor, 
5 (particularly a compound of formula I as defined in the various embodiments of 
the first aspect) and one or more additional active agent selected from: 

a) a PGi2 prostaglandin, such as prostacyclin or lloprost; 

b) an a - adrenergic receptor antagonist compound also known as a - 
10 adrenoceptor antagonists, a-receptor antagonists or a-blockers; suitable 

compounds for use herein include: the a-adrenergic receptor antagonists as 
described in PCT application WO99/30697 published on 14th June 1998. the 
disclosures of which relating to a-adrenergic receptor antagonists are 
incorporated herein by reference and include, selective ai-adrenoceptor 

1 5 antagonists or oe2-adrenoceptor antagonists and non-selective adrenoceptor 
antagonists, suitable ai-adrenoceptor antagonists Include: phentolamine, 
phentolamine mesylate, trazodone, alfuzosin, indoramin, naftopidll, tamsulosin, 
dapiprazole, phenoxybenzamine, idazoxan, efaraxan, yohimbine, rauwolfa 
alkaloids, Recordati 15/2739, SNAP 1069. SNAP 5089, RS17053, SL 89.0591. 

20 doxazosin, terazosin, abanoquil and prazosin; a2-blockers from US 6.037,346 
[14th March 2000] dibenamine, tolazoline, trimazosin and dibenamlne; a- 
adrenergic receptors as described in US patents: 4,188,390; 4,026,894; 
3,511,836; 4,315,007; 3,527,761 ; 3,997,666; 2,503,059; 4,703,063; 3,381,009; 
4,252,721 and 2,599,000 each of which is incorporated herein by reference; ofe- 

25 adrenoceptor antagonists include: clonidine, papaverine, papaverine 

hydrochloride, optionally in the presence of a cariotonic agent such as pitxamine; 

c) an NO-donor (NO*agonist) compound; suitable NO-donor compounds for 
use herein Include organic nitrates, such as mono- di or tri-nitrates or organic 
nitrate esters including glyceryl trinitrate (also known as nitroglycerin), isosoriDide 

30 5-mononltrate, isosorbide dinitrate, pentaerythritol tetranitrate, erythrityl 

tetranitrate, sodium nitroprusside (SNP), 3-morpholinosydnonimlne molsidomine, 
S-nltroso- N-acetyl penicilliamine (SNAP) S-nitroso-N-glutathione (SNO-GLU), N- 
hydroxy - L-arginine. amylnitrate, linsldomine, linsidomine chlorohydrate, (SIN-1) 
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m) a PDE5 inhibitor (such as 5-[2-ethoxy-5-(4-methyl-1 - 
piperazinyisulphonyi)phenyl]-1 -methyl-3-n-propyl-1 ,6-dihydro-7/+pyra2olo[4,3- 
(flpyrimidin-7K)ne (sildenafil); (6H,12afl)-2,3,6,7,12,12a-hexahydro-2-methyl-6- 
(3,4-methylenedioxyphenyl)pyrazino[2M ':6,1 ]pyrido[3,4-6]indole-1 ,4-dlone 
(tadalafil, IC-351); 2-[2-ethoxy-5-(4-ethyl-piperazln-1-yl-1-sulphonyl)-phenyl]-5- 
methyl-7-propyl-3H-imidazo[5,1 ,2,4]triazin-4-one (vardenafil); 
5-[2-ethoxy-5-(4-ethylplpera2in-1 -ylsulphonyl)pyridin-3-yl]-3-ethyl-2-[2- 
methoxyethyl]-2,6-dlhydro-7H-pyrazolo[4,3-d!|pyrimidin-7-one;and 
5-(5-acetyI-2-butoxy-3-pyridinyl)-3-ethyl-2-(1-ethyl-3-azetidinyO-2,6-dihydro-7H- 
pyrazo!o[4,3-af|pyrimldin-7-one); and 
n) a beta-blocker, diuretic or aldosterone antagonist. 

If a combination of active agents are administered, then they may be 
administered simultaneously, separately or sequentially. 

It is to be appreciated that all references herein to treatment Include curative, 
palliative and prophylactic treatment. 

In a further aspect there is provided a method of treating a cardiovascular 
disorder in a mammal wherein the mammal is treated with an effective amount of 
a PDE9 inhibitor. The prefenred embodiments specified hereinabove for the first 
aspect extend to this aspect. 

The following Examples illustrate the preparation of the compounds of formula I. 
Example 1 

Compounds 1 to 126 of formula la^ (see Table 3) were prepared. Isolated and 
purified as follows. Each compound was characterised by a) its HPLC retention 
time (rt) as detemrtined under the conditions described below, and b) by mass 
spectroscopy also under the conditions described below. 
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Table 1: Preparative HPLC Conditions: 



rVilijmn 

WWIUI III ■ 


Phenomenex Luna CI 8. 5 um. 150 x 10mm i.d. 


1 emperaiure 




ch tpnt A 


0 05% diethvlamine faQueous) 


EZIUCSIU o 


acetonitrile 




90% dimethylsulfoxide in water 


Initial niimn /v^nHitinnA 


A% 95, B% 5. flow 6 ml/min 




Gilston 1 1 9 uv detector - 225nm 


lilJcUUUll VUlUllic? 


600 Ml 


gradient iimetaDie 


Time (min) 


A% 


B% 


Row (ml/min) 




0.0 


95 


5 


6 




0.2 


95 


5 


6 




7.0 


5 


95 


6 




9.0 


5 


95 


6 




9.1 


95 


5 


6 




10.5 


95 


5 


6 



Table 2: LC-MS Conditions 



Column 


Phenomenex Luna CI 8, 5 \un, 30 x 4.6mm i.d. 


Temperature 


40''C 


Buent A 


0.05% dietliylamine (aqueous) 


Eluent B 


acetonitrile 


Initial pump conditions 


A% 90, B% 10. flow 3ml/min 


injection volume 


5mi 


Detection 


products were detected by botii ultraviolet and 
Bectron Spray iiglit Scattering {ELSD) 
uv: start range 210nm, End range 280nm, Range 
inten^l 5nm, tlireshold 0.1 mAU, peakwidth 0.4min, 
ELSD: Sedere Dedex 55. Temperature : 40''C, Gas 
Flow : 2.3bar 


Gradient Timetable 


Time (min) 


A% 


B% 


Flow 
(ml/min) 


Pressure 
(bar) 




0.0 


90 


10 


3 


400 




2.2 


5 


95 


3 


400 
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Cmp 


FP 


rt 
(min) 


m/z 
[M+HT 


18 


isobutyl 


1.63 


235 


19 


4-methoxybenzyl 


1.77 


299 


20 


2,5-climethylbenzyl 


1.93 


297 


21 


benzhydryl 


2.07 


345 


22 


H Me" 


1.59 


OUD 


23 


2-fluoro-3-tnfluoromethylbenzyl 


1.95 


355 


24 


2,4-difluorobeiizyl 


1.82 


305 


25 


2,3-difluorobenzyl 


1.86 


305 


26 


4-fluorobenzyl 


1.80 


287 


27 


2-[(2-imidazol-1 -yl)-ethoxy]benzyl 


1.44 


379 


28 


&-fluoro-2-trifluoromethyl-benzyl 


1.98 


355 


29 


2,6-dichlorobenzyl 


1.97 


338 


30 


2-chloro-6-m6thylbenzyl 


2.03 


334 


31 


2-methoxybenzyl 


1.76 


299 


32 


4-methylphenoxymethyl 


1.92 


299 


33 


3,4-difluorobenzyl 


1.83 


305 


34 


I 
O 


1.73 


340 


35 


4-methyIb6nzyl 


1.83 


283 


36 


2-(4.methoxyphenyl)-1 -phenylethyl 


2.13 


389 


37 


napthalen-1 -yimethyt 


2.05 


319 


38 


cyclopentylmethyl 


1.77 


261 


39 


2,6-difluorobenzyi 


1.83 


305 


40 


3-methylbenzyl 


1.84 


283 


41 


2,4-dimethylbenzyl 


1.99 


297 


42 


3-fluoroberizyl 


1.82 


287 


43 


2,3.6-trffiuorobenzyl 


1.91 


323 


44 


4-chlorophenoxymethyl 


1.97 


320 


45 


4-phenoxybenzyl 


2.05 


361 
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n 


rt 
(min) 


m/z 
[M+Hf 


7Q 




1.81 


313 


fin 


*r^?u iv/Ay o 1 1 15SU lUAyuci u.y 1 


1.73 


343 


O 1 


9-/9-mpth\/f nh pnvl Wthvl 
^*t^" 1 icii ly i|>'i Id ly i^ou ly 1 


1.92 


297 


fio 


1 -nhpnrtY\/Pth\/l 
1 "yjt loi lUAydJ ly 1 


1.86 


299 


DO 


^~^o iiuuiw|Ji ici lyi^di lyi 


1.85 


301 


o/ 
o4 


^,^~Uipi lUi ly itsu lyi 


2.06 


359 


oo 


1 -iTieiriyipr opyi 


1 73 


235 


DO 


Oi^^llTleUlUAyDcll^yi 


1 65 


329 


O/ 


1 "pncnoAyprupyi 


1 97 


313 


oo 


^o^mexnoAypnenuAy/i iiou lyi 


1 86 


315 




^-^'f-Tiuoropnenyijeuiyi 


1 85 


301 




^^-isop ropy i~0" meuiy ipi i lUAy ^ 1 1 it? u i y i 




341 

W^ 1 




^-^i^jO'^iniotnoxypiieiiyiycuiyi 


1 77 


343 


y^ 


o-\*i,okj irn ©inuxyp nenyiy propyl 


1 .WW 


357 

K^W / 


oo 

yo 


^jO-ciirneinoxyuenzyi 


1 Rd 

1 .0*T 


329 


y4 


^1 ,1 -aipnenyi^einyi 




359 

www 


yo 


^ , Oj'i^iniTiBinoxyoerizyi 


1 .Ow 


359 

Www 


yo 


1 -^'r^^ioropnenoAy/euiyi 


1 97 


334 

ww^ 


y/ 


Q A tv-.+rimothrtW/Hpn7\/l 

o,*f,o*LnrneLi lOAyooi liiyi 


1 69 

1 .WW 


359 


yo 


^o-irriiuoronieinyrpnei lyi^iMioi 1 lou lyi 


2 00 

^•V/w 


369 

www 


99 


3-pyridylmethyl 


1.28 


270 


100 


(2-chloro-4-fluorophenyl)thiomethyl 


1.96 


354 


101 


1 -(4-isobutylphenyl)ethyl 


1.83 


339 


102 




1.87 


297 


lUo 


^id-rnGinyi"! -pnenyi^pr opyi 


2 13 


311 




^-napninyiOAy 1 1 lo u ly i 


1 98 

1 • wU 


335 

www 




o-pnenyiprupyi 


1 87 


297 


106 


2-(4-chlorophenyl)ethyl 


1.92 


318 


107 


2-(4-methoxyphenyl)ethyl 


1.77 


313 


108 


(cyclopentyl)(phenyl)methyl 


2.27 


337 


109 


(2-methoxypheno)cy)methyl 


1.82 


315 
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Table 4 

o 



Cmp 


nZ 


n 


rt 

(min) 


m/z 
[M+HT 


127 


3-pyridyl 


^,4-aicnioroDeniyi 


1.24 


373 


128 


3-pyridyl 


cyciOpropyiiTieiriyi 


0.92 


268 


129 


3-pyridyl 


2,o-aitiuoroD6nzyi 


1.10 


340 


130 


3-pyridyl 


4-methyicycionexyi)meinyi 


1.46 


324 


131 


3-pyridyl 


3-chlorobenzyl 


1 23 


339 


132 


3-pyridyl 


2-etnoxyDenzyi 


1.24 


348 


133 


3-pyridyl 


2-pnenoxyDenzyi 


1.46 


396 


134 


3-pyridyl 


2,3,5-triTiuoroDenzyi 


1.18 


358 


135 


3-pyridyl 


3-tiuoro-4-tnTiuoronieuiyiooi iz.y i 


1.37 


390 


136 


3-pyridyl 


o-TlUOrO-^-inTIUOromeinyiDeii^yi 


1.29 


390 


137 


3-pyridyi 


D-brorno-^c-rneinoxyDeniyi 


1.30 


413 


138 


3-pyridyl 


2-benzyioxyDenzyi 


1.42 


410 


139 


butyl 


2-iTietnyiDenzyi 


1.44 


-297 


140 


butyl 


2-methoxybenzyl 


1.36 


313 


141 


butyl 


2-chlorobenzyl 


1.45 


318 


142 


butyl 


2-fIuorobenzyl 


1.34 


301 


143 


butyl 


2-chIoro-6-fluorobenzyl 


1.47 


336 


144 


butyl 


2,6-dichlorobenzyl 


1.56 


352 


145 


butyl 


4-butoxyb0nzyl 


1.72 


355 


146 


butyl 


cyclopropylmethyl 


1.14 


247 


147 


butyl 


2,6-difluorobenzyl 


1.38 


319 


148 


butyl 


2-ethoxybenzyl 


1.48 


327 


149 


butyl 


3-benzyloxybenzyl 


1.67 


389 


150 


isopropyl 


2,4,5-trifluorobenzyl 


1.36 


323 


151 


isopropyl 


2.4-dichlorobenzyl 


1.54 


338 
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n 




rt 
(min) 


m/z 
[M+Hf 




cvdonentvl 


2-methvlbenzvl 


1.52 


309 


1 oo 


nvclonentvi 


isobutvl 


1.33 


261 


1ft7 


fsvnlon pntvl 


2-methoxvbenzvl 


1.44 


325 


1 OD 


lyywlW|JC?l iiyi 


2-chloroben2vl 


1.52 


330 




Oy wlwpci liyi 


P-fli lorohpnTvl 


1.42 


313 


ion 


r^volnnp nlx/l 
oyoiw^d iiyi 


2-chloro-6-fluoroben2Yl 


1.53 


347 




rin P ntx/l 
wywiw|jd iiyi 


2-methvlbutvl 


1.49 


275 


1QP 


r*\/olonpnt\/l 
wywiwijoi iiyi 


2-tr!fluoromethvib8nzvl 


1.62 


363 


1Q9 


ovHnnpntvl 

wywiwiJCri iiyi 


2 4-dichlorobenzvl 


1.70 


364 


1QA 


uyoiw|JC?t iiy 1 


P fi-Hirhlorobsnzvl 


1.61 


364 


1QR 


uywio|jyiuyi 


A-hi itnw/hpnTvl 
^ruuLUAyuwi i^yi 


1.80 


367 




cyciopyiuyi 


^-f^x/i^lnn mnvl m pt h\/i 
0 wyoiwiJiw|jyiiiiwu lyi 


1.22 


259 


ly/ 


/^\ //^ ^ n A n t\ /I 

cycioponiyi 


0 A«Hif ii mmhpn7\/l 


1.44 


331 




/^lon fit nt\/l 


2 4 R-trimpthowbpnzvl 


1.47 


385 


1 QQ 

lyy 


c^ciupc;iuyi 


*^-phlArnhpii7vl 


1.55 


330 


onn 


cyciupt?! iiy 1 


9 'v-rlimpthowhenzvl 

1 IC7U iv/Ayuwi i^yi 


1.41 


355 


oni 


r^r*o nf\/l 

cyciup^niyi 


^~ou iWAy wd i^yi 


1.55 


339 


o/vo 


cyciop6niyi 


^"pi 101 lUAy uci i^y 1 


1.75 


387 




cy ui upc 1 uy 1 


'^-f li inrn-^trif lLiorr)methvlben2[Vl 

0 1 lUWI ii iiiuwi v/i 1 iwM ly iwwi *fcy ■ 


1.67 


381 




wyv/iopsniyi 


^'^Uoi i4LyiLiAyi.'ci i^y 1 


1.73 


401 




uyLriv.ipd iiyi 


2-r2-imida7ol-l -vl-ethoxv^benzvi 


1.20 


"405 


^uo 


ox/olnnpnivl 
wyoiVi'pwi iiyi 


f^-hpPTvloxvbenzvl 

w w/wi i*>y iwAy i^y I 


1.73 


401 




uyoiupwi iiyi 


n-nrnnvl 


1.19 


247 




uyoiwpt^i iiyi 


9 '^-Hihvrirfvhpn7ofLiran-5-vlmethvI 


1.35 


337 




ior\nrAn\/l 
loupivipyi 


P-f^hlnrnhpnTvl 
<. VI 11 vi uuvi i^y 1 


1.25 


304 




ioupi upyi 


Pw^hlorn-fv-f li inro-henzvl 


1.25 


322 


01 1 


loupi vipyi 


P R-Hlf»hlftrfthpnwl 

^,v/^jivi iivi vUwi i^yi 


1.33 


338 


010 




2 '^-riimpthoxvhenzvl 


1.15 


329 


01Q 


0 pyi ivjyi 


2-t rif 1 1 1 orom pth vl be nz\/l 

Cm 11 II lUvi vi 1 ivii ly iwvi i^y • 


1.26 


372 


214 


3-pyridyl 


2,6-dichlorobenzyl 


1.24 


373 


215 


3-pyiidyl 


2,5-dimGthoxybenzyl 


1.13 


364 


216 


3-pyridyl 


n-propyl 


0.89 


256 


217 


3-pyridyl 


2,3-dihydrobenzofuran-5-ylmethyl 


1.07 


346 
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wilip 


Pi 




It 
(min) 


m/z 
[M+H]"^ 


251 


icnbLitvl 


2 5-dirnGthoxvbenzvl 


1.31 


343 


252 


isobutyl 


propyl 


1.06 


235 


253 


isobutyl 


2,4,6-trimethylben2yl 


1.64 


325 


254 


isobutyl 


2,4,6-trimethoxybenzyl 


1.38 


373 


255 


cyclopentyl 


2,4,6-trimethylbenzyl 


1.74 


337 



Example 3 

3-C^/dopentvl-5-f2-trifluoromethox\43en2vl)-1.6-dihvdro-pvrazolo r4.3KllDwim 
7-one (Compound 256) 



5 

The product from preparation 28 (120mg, 0.303mmol) and potassium terl- 
butoxlde (102mg, 0.909mmol) were suspended in isopropyl alcohol (5ml) and the 
reaction was heated to reflux under nitrogen for 18h. The reaction mixture was 
concentrated under reduced pressure and the residue partitioned between ethyl 

10 acetate (20ml) and water (20ml). The aqueous phase was removed, acidified to 
pH2 with 2N HCI, and extracted with ethyl acetate (2x1 5ml). The combined 
organic extracts were washed with saturated sodium carbonate solution 
(3x10ml), dried over MgS04, concentrated under reduced pressure and the 
residue was purified by flash column chromatography on silica gel eluting with 

1 5 dichloromethane : methanol (95 : 5, by volume) to give the title product (21 mg) as 
an off-white solid, NMR (400MHz, DMSO-dS): 5 = 7.36-7.41 (2H, m), 7.29- 
7.36 (2H, m), 3.97-4.03 (2H, brs), 2.39-2.45 (1 H. m, partially masked by solvent), 
1.82-1.94 (2H, m), 1.66-1.79 (2H, m), 1.58-1.65 (2H, m), 1.49-1.58 (2H. m) ppm; 
LRMS (electrospray) : m/z [M-Hf 377. 

20 

Compounds 257 to 261 of formula la^ were prepared by methods analogous to 
Example 3 from the starting materials indicated in Table 5 below. 
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Example 4 

5-f3-Chlo^obenzvl^-3-isoDroDvl-2-meth^^-2■6-dihvdro- 7H-pv^azolof4■3-dlPvrimidin- 
7-one fCompound 262) 




5 To a mixture of the product from Preparation 31 (0.2g) in isopropyl alcohol (6 mO 
was added potassium tert-butoxide (2.2 g) and stirred at SS'C for 24 hours and 
then at room temperature for 3 days. The resulting heterogeneous mixture was 
concentrated in vacuo. Water (10 ml) was added to the residue followed by 3 
drops of concentrated hydrochloric acid. The resulting precipitate was taken up In 

10 ethyl acetate (1 50 ml) and washed with water (x2). The organic extract was dried 
(MgS04) and concentrated to give a solid which was purified by column 
chromatography using silica gel eluting with a solvent gradient of 
dichloromethane : methanol (100:0 changing to 99:1 changing to 98:2) to give 
the title product ; NMR (400MHz,-CD3OD): 5 = 7.39 (1H, s), 7.28 (1H, s), 7.12 

15 (2H, m), 4.01 (3H. s), 3.98 (2H, s), 3.26 (1 H, m). 1 .45 (6H, d). 



Example 5 

5-f2-Trifluoromethoxvbenzyl)-3-phenvl-l-6-dihvdro- 7H-pvrazolor4.3-flliPvrimldin-7- 



one foompound 263) 




Palladium tetrakis triphenylphosphine (22mg, 5 mole %) was added to a nitrogen- 
purged solution of the product from preparation 36 (164 mg, 0.376 mmoO, phenyl 
boronic acid (69 mg, 0.56 mmol), sodium carbonate (119 mg, 1.13 mmol as a 
solution in 0.8 ml water) in ethylene glycol dimethyl ether (3 ml). The mixture was 
25 heated at 83''C for 1 8 h. On cooling, the mixture was diluted with ethyl 
acetate/tetrahydrofuran and washed with brine, dried (MgS04). filtered and 
concentrated in vacuo. The residue was purified by preparative HPLC 
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was removed. The organic phase was washed with water (2x200ml), dried over 
MgS04 and concentrated under reduced pressure. The residue was purified by 
flash column chromatography on silica gel eluting with a solvent gradient of 
pentane : ethyl acetate (4 : 1 changing to 2 : 1, by volume) to give the title 
5 product (1 8.9g) as a white solid; NMR (400MHz, CDCI3): 5 = 1 0.80-10.95 (1 H, 
bis), 6.61 (1H, s), 4.33-4.40 (2H. quart), 2.98-3.08 (1H, quin), 1.35-1.41 (3H, t), 
1 .24-1 .32 (6H, d) ppm; LRMS (electrospray) : m/z [M-Hf 1 81 . 

Preparation 3 
10 5-lsopropvl-1 H-pvrazol-3-cart>oxvlic acid 



The product from preparation 2 (18.9g, 104mmol) and 1M NaOH solution (260ml, 
259mmol) were dissolved in 1 ,4-dioxan (300ml), the reaction was heated to SO^C 
under nitrogen and stin^d for 3h. The reaction mixture was cooled, adjusted to 

15 pH 2 using concentrated hydrochloric acid and the solvent was removed under 
reduced pressure. The residual solid was azeotroped with toluene (2x30mO, 
dissolved in ethyl acetate (500ml) and washed with water (200ml). The aqueous 
phase was removed, extracted with ethyl acetate (2x200ml) and the combined 
organic extracts were dried over MgS04. The solvent was removed under 

20 reduced pressure and the residue was azeotroped with dichloromethane 
(2x50ml) to give the title product (14.7g) as a white solid; NMR (400MHz, 
DMS0-D6): 5 = 12.50-13.30 (2H, brs), 6.42 (1H, s), 2.84-2.94 (1H. quin), 1.15- 
1.19 (6H, d) ppm; LRMS (electrospray): m/z [M-H]* 153. 




o. 



•OH 
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(300ml), concentrated to approximately 80ml under reduced pressure and the 
precipitate was isolated by filtration. The filtrate was washed with water and 
dried in vacuo to give the title product (3.1g) as an orange solid; NMR 
(400MHz, DMS0-D6): 8 = 7.94-7.99 (1H, brs), 7.68-7.72 (1H, brs), 3.45-3.55 (1H, 
5 m), 1 .24-1 .30 (6H, d) ppm; LRMS (electrospray) : m/z [M+Naf 221 , [M-Hf 197. 

Preparation 6 

4-Amino-5-isopropvi-1 H-pvrazol-3-carboxvlic acid amide 



1 0 The product from preparation 5 (3g, 1 5.1 mmol) and 1 0% palladium on cartwn 
(500mg) in ethanol (30ml) were stinted under hydrogen (50psi) at room 
temperature for 18h. The reaction mixture was filtered and the solid was washed 
with methanol (50ml), dichloromethane (50ml), ethanol (50ml) and ethyl acetate 
(50ml). The filtrate was concentrated under reduced pressure and the residue 

1 5 was purified by flash column chromatography on silica gel eluting with 

dichloromethane : methanol (9 : 1 , by volume) to give the title product (2.8g) as 
an off-white solid; NMR (400MHz, DMS0-D6): 5 = 12.20-12.30 (1H, brs), 7.02- 
7.14 (1H, brs), 6.85-6.95 (1H. brs), 4.30-4.46 (2H, brs). 2.90-3.00 (1H, m), 1.15- 
1.21 (6H, d) ppm; LRMS (electrospray) : m/z [M-Hf 167, [2M-Hr335; Anal. 

20 Found C, 49.86; H, 7.21 ; N, 33.07. C7H12N4O requires C. 49.99; H, 7.1 9; N. 
33.31%. 

Preparations 7 to 10 of general fomnula Ilia were prepared by methods 
analogous to Preparations 1 to 6 firom the starting materials indicated In Table 6. 

25 
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Preparation 12 

5-lsoDropvl-1 ■methvl-4-nitro-1 H-pvrazole-3-carboxamicle 



p 




5 To a mixture of the product from preparation 5 (150 mg) in acetonitrile (6 ml) was 
added ceasium carbonate (107 mg) followed by iodomethane (40 fil). The 
mixture was heated at 77 X ovemight. The mixture was concentrated in vacuo 
and the residue talcen up in ethyl acetate (200 ml) and washed with brine. The 
organic extracts were dried (MgS04), the solvent was removed and the residue 

10 purified by chromatography using silica gel eluting with pentane : ethyl acetate 
(100:0 to 15:1 to 1:1); NMR(400MH2, CDCI3): 5 = 6.50 (1H, br.s), 5.65 (1H, 
br.s), 3.89 (3H, s), 3.43 (1H, m), 1.36 (6H, d). 



Preparation 13 
15 4-Amino-5-(3-Pvridvn-1H-Dvrazole-3K)arboxamide 

o 

HjN — (I 

O 

A solution of the product from preparation 14 (1 g) in 0.88M ammonia (100 ml) 
were heated at 100'C in a bomb overnight. The mbcture was concentrated in 
vacuo and tiie residue was purified by chromatography using silica gel eluting 
20 witii dichlorometiiane : metiianol (9:1) to give ttie title product (709 mg). 
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Preparation 16 

4-Nitro-1H-Dvrazol-3-carfaoxvlic acid amide 




5 

The title product was prepared by an analogous method to Preparation 5 starting 
from 4-nitro-1 H-pyrazol-3-carboxylic acid (Sigma-Aldrich Chemical Co.) 



Preparation 17 
10 O-Benzvloxv-phenvft-aceflc add benzvl ester 




3-Hydroxy-phenyl-acetic acid {15.3g, lOlmmol), benzyl bromide (36.2g, 
202mmol) and potassium carbonate (29.2g, 202mmol) were suspended In 
dimethylformamide (300ml) and the reaction was heated to reflux under nitrogen 

1 5 for 44h. The reaction mixture was cooled, filtered and the filtrate was 

concentrated under reduced pressure. The residue was partitioned between 
ethyl acetate (200ml) and water (200ml), and the aqueous phase was extracted 
with ethyl acetate (2x200ml). The combined organic extracts were washed with 
brine (200ml), dried over Na2S04 and the solvent was removed under reduced 

20 pressure. The residue was purified by flash column chromatography on silica gel 
eiuting with pentane : ethyl acetate (95 : 5, by volume) to give the title product 
(1 0.7g) as a white solid. 
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(100ml), dried over Na2S04 and concentrated under reduced pressure. The 
residue was purified by flash column chromatography on silica gel eluting with a 
solvent gradient of oyclohexane : ethyl acetate (80 : 20 changing to 70 : 30, 60 : 
40 and finally 1 : 1 , by volume) to give the title product (23g) as a yellow oil; 
5 NMR (400MHz. CDCI3): 8 = 6.82-6-85 (1 H, d). 6.80 (1 H, s), 6.76-6.79 (1 H, d), 
5.49 (1H, s), 3.86 (3H, s), 3.66 (3H. s), 3.53 (2H, s) ppm; LRMS (electrospray) : 
m/z[M+Nal*219. 



Preparation 20 

10 (4-Cvclopentyloxv-3-methoxv-phenvl)-aoetlc acid methvl ester 




Cyclopentanol (7.7ml, 85mmol) and triphenylphosphine (28g, 107mmol) were 
added to a solution of the product from preparation 19 (14g, 71mmol) in 
tetrahydrofuran (280ml) under nitrogen at 0°C. Diethylazodicarboxylate (15.7ml, 

15 lOOmmol) was then added dropwise and the reaction was allowed to wanii to 
room temperature and stin-ed for 44h. The solvent was removed under reduced 
pressure, pentane (200ml) was added and the suspension was filtered. The 
filtrate was concentrated under reduced pressure and purified by flash column 
chromatography on silica gel eluting with a solvent gradient of cyclohexane : ethyl 

20 acetate (90 : 10 changing to 85 : 15, by volume) to give the title product (12.4g) 
as a colourless oil; NMR (400MHz. CD3OD): S = 6.79-6.85 (2H, m), 6.73-6.79 
(1H, d), 4.73-4.79 (1H, brs), 3.79 (3H. s), 3.64 (3H, s), 3.53 (2H, s), 1.74-1.89 
(6H, m), 1 .56-1 .67 (2H, m) ppm; LRMS (electrospray) : m/z [M+Na]* 287; Anal. 
Found C, 68.01 ; H, 7.74. C16H20O4 requires C, 68.16; H, 7.63%. 

25 
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product (52.6g) as a white solid; NMR (250MHz, CD3OD/D2O): 8 = 6.88-7.03 
(3H, m). 3.48-3.68 (2H, s), 2.23 (6H, s) ppm. 

Preparation 23 

5 Benzene suifonic acid 2-chloro-ethvl ester 

2-Chloroethanol (1168g, 14.5 mol) and benzene sulfonyl chloride (2780g, 15.7 
mol) were stirred together at -S'^C and pyridine (2158g, 27.2mol) was added over 
a 3h period, maintaining the temperature below O^'C. The reaction was stirred for 
a further 3h at -5-0''C and was then allowed to wann to room temperature over 

10 1 8h. After pouring into a mixture of ice (1 01) and water (1 01) the reaction was 
stinted for 15min, extracted with ether (101) and the organic phase was washed 
with 5N HCI (2x21) and water (2x41). It was then dried over MgS04 and 
concentrated under reduced pressure to give the title product (1921g) as an 
orange oil; NMR (250MHz, CDCI3): 5 = 7.78-8.02 (2H, m), 7.58-7.78 (3H, m), 

15 4.20-4.45 (2H, t), 3.60-3.81 (2H, t) ppm. 



Preparation 24 

2-Hvdroxv-Dhenvl-acetic acid ethvl ester 

2-Hydroxy-phenyl-acetlc acid (30.4g, 0.2mol) was dissolved in chloroform 
20 (200ml) and thionyl chloride (50ml, 0.2mol) was added. The reaction was gently 
refluxed for 2h, upon which the mixture was concentrated under reduced 
pressure. The residue was slowly poured into ethanol (200ml) maintaining a 
temperature of 10-20*'C. The solvent was removed under reduced pressure and 
the residue was purified by thermal distillation to give the title product (31 .6g) as 
25 a yellow oil, b.p. 1 46-1 50*^C; Vmax (thin film) 1 71 Ocm"^ (C=0, ester). 
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crude product was converted to the hydrodiloride salt and purified by 
recrystallsation from isopropyl alcohol/ethyl acetate to give the title product as its 
hydrochloride salt, m.p. 129.5-130.5 'C. 

Preparation 27 

r2-r2-lmidazQ |-1 -vl-ethoxyVDhenvll-acQtic acid 



The product from Preparation 26 (3.5g, 1 1Smmol) was stirred in 50% aqueous 
hydrochloric add (20ml) at 100°C for 6h. After cooling to room temperature the 
solvent was removed under reduced pressure and the residue was recrystallised 
from isopropyl alcohol to give the title product (2.73g) as a white solid; m.p. 146- 
147°C; Vmax (thin film) 3410 (0-H), 1722cm"' (C=0, acid); Anal. Found C, 54.89; 
H, 5,25; N. 9.80. C13H14N2O3. Imol HCI requires C, 55.22; H, 5.35; N, 9.91%. 

Preparation 28 

5-Cvclope ntvl-4-r2-r2-trifluoromethoxv-phenvn-acetvlaminoT-1H-Dvra2ole-3- 
carboxvlic acid amide 



Carbonyidiimidazole (84mg, 0.515mmol) was added to a solution of 2- 
trifluoromethyoxyphenyl acetic acid (113mg, 0.515mmol) in tetrahydrofuran (4mO 
under nitrogen at room temperature, and the mixture was stirred for 3h. The 
product from preparation 10 (lOOmg, 0.515mmol) was then added and the 
reaction was stin-ed for 18h. The reaction mixture was diluted with water (20ml), 
acidified to pH2 with 2N HCI and extracted with ethyl acetate (2x20ml). The 
combined organic extracts were dried over MgS04 and concentrated under 
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Preparation 35 

4-^f^2-Benzvtoxv-5Kdiloro-Dhenvna(»tvnaminoV^-isoDropvl-1H-Dvrazole-3- 
carboxamide 



l-Propylphosphonic acid cyclic aniiydride (0.39 ml of a 50 % solution in ethyl 
acetate, 0.57mmol) was added to a solution of 2-benzyloxy-5-chlorophenyl acetic 
acid (132mg, 0.475mmol), the product from preparation 6 (80mg, 0.475mmol) 
and triethyl amine (0.132 ml, 0.95 mmol) in dimethylfomiamide (4ml) under 
nitrogen at room temperature and the reaction was stirred for 18h. The reaction 
mixture was diluted with brine (20 ml) and extracted with ethyl acetate (2x20ml). 
The combined organic extracts were dried over MgS04 and concentrated under 
reduced pressure to give the title product (191mg) as an off-white solid; LCMS: 
m/z427[M+Hr. 

Preparation 36 

5-(2-Trifluoromethoxvben2vl)-3-iodo-1 ■6-dihvdro-pvrazolof4.3-cnpvrimidin-7-one 



N-lodosucclnimide (326 mg, 1 .45 mmol) was added to a solution of the product 
from preparation 37 (300 mg, 0.967 mmol) in dry dimethylfomiamide (5 ml) at 
room temperature. The mixture was heated at 55°C for 18 h, cooled and 
concentrated in vacuo. The residue was dissolved in ethyl 
acetate/tetrahydrofuran and washed with water and brine, dried (MgS04), filtered 
and concentrated. The crude product was purified by flash chromatography 
(1->2% MeOI-l/CH2Cl2) to afford the title product (169 mg) as an off-white solid; 
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Preparation of Assay Buffers and Solutions 

• Buffer A was prepared containing Tris.HCI (20 mM), I^/igClz.eHaO (5 mM) 
in water. The resuKing solution was used at 30*^0 and had a pH of pH=7.4. 

• Buffer B was prepared containing Bovine Serum Albumin (2 mg/ml) (BSA) 
in Buffer A. It was prepared fresh and filter sterilised. 

• PDE9 enzyme solution was prepared in Buffer B (dilution factor 
determined such that no more than 30% breakdown of substrate occunred, 
but typically 1:35,000). 

• cGMP sut>strate was prepared from a 50nM stock of guanosine 3':5'-cyclic 
monophosphate (cGMP) prepared to give final assay concentration of 
25nM (to prepare 5ml based on specific activity of labelled substrate of 
16.0Ci/mmol; 1mCi/ml, add 4^1 [^H]cGI\/IP to 4.996ml Buffer A). 

• SPA beads were prepared by creating a suspension of beads in water (20 
mg/ml) (28ml per pack) containing 3mM cold cGMP to effectively quench 
the reaction. 

Preparation of Comoounds 

The compounds of the inventton were diluted by a factor of 50 (i.e. 2|il in 100|il) 
when constituted in the final assay mix. Compound stock was prepared at 4mM 
20 in DMSO. Dilute 1/8 with DMSO to give 500^M solutions. 

A 4mM stock of standard inhibitor was prepared in Diy^SO. The standard Inhibitor 
chosen was 5-(3-bromobenzyl)-3-n-propyl-1 ,6-dihydro-7H-pyrazolo[4,3- 
d]pyrimidin-7-one. The solution was further diluted with DI\/ISO to give a 500\iM 
25 solution. 

For 10-point Vz log dilution, 200pJ of compound and standard solutions were 
dispensed into a 96-well V-bottom plate and the compounds further diluted witti 
Di\/ISO in steps of 1 :3.16. Following serial dilution, 2|il of compound dilutions 
30 were dispensed in duplicate into microtitre plates witii 2^1 DMSO added to 
controls as shown below. 
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ventricle homogenate by chromatographic separation of a high speed 
centrifugation supernatant fraction; ii) the cGMP substrate (1^) was prepared 
by combining 0.436 ml of a 10 |iM 8tocl( of unlabelled guanosine 3':5'-cyclic 
monophosphate (cGMP) with 10 [3H]cGMP (15.6Ci/mmol) and 4.554 ml 
Buffer A; the final assay concentration of cGMP in the assay being 0.5 |iM, ill) the 
P0E1 inhibitor used as a standard was 5-[4-(N,N-diethylamino)benzyl]-1-methyl- 
3-n-propyl-1,6-dihydro-7H-pyrazolo[4,3-d]pyrimidin-7-one, and iv) during the 
procedure the plates were incubated for 30 minutes. 



10 The compounds of the invention were tested using the above assays and found 
to inhibit the PDE9 enzyme. 

Compounds 1-21. 23-31, 33-77, 118, 127-208, 213, 214, 224 and 256-263 were 
found to have a greater than 40% inhibition against PDE9 at a concentration of 
15 1|iM . 



In particular, compound 52 was found to have an IC50 against PDE9 of 126 nM; 
compound 204 was found to have an IC50 against PDE9 of 143 nM; and 
compound 258 was found to have an IC50 against PDE9 of 141 nM. Compounds 
20 52, 204 and 258 were all greater than 1 0 fold selective for PDE9 over PDE1 . 
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optionally substituted by 1 , 2 or 3 groups independently selected 
from halo and alkyt; 
with the provisos that when 

a) is attached to N\ is Ci^ alkyi and is propyl then R^ is not 

methyl substituted by Ar\ and 

b) is attached to H\ R^ is Ci^ alkyI and R^ is methyl then R^ is not Ci. 

4a!kyl substituted by Ar\ 

A compound according to daim 1 wherein the compound is of fomfiula la, 
a phannaceutically acceptable salt, solvate or prodrug thereof 



wherein 

R^ isHorCi^alkyl; 

R^ is Ci-ealkyI optionally substituted by hydroxy or alkoxy; Ca-rcycloalkyl 
optionally substituted by alkyI, hydroxy or alkoxy; a saturated 5-6- 
membered heterocycle optionally substituted by alkyi, hydroxy or 
alkoxy; het^ or Ar^; 

R^ is Ci-ealkyl optionally substituted by 1 or 2 groups Independently 

selected from: Ar^; Ca-ycycloalkyl optionally substituted by Ci^alkyl; 
OAr^; SAr^; NHC(0)Ci-6alkyl; het^; xanthene; and naphthalene; 

wherein Ar^ and Ar^ are independently groups of formula 



wherein R"^, R^ and R® are independently selected from: hydrogen, halo, 
phenoxy, phenyl, CF3, OCF3, R^, SR^ and OR^ wherein R^ is C1-6 
alkyl optionally substituted by het^ or by a phenyl group optionally 
substituted by 1 , 2 or 3 groups independently selected from halo, 
CF3, OCF3, Ci^ alkyl and Cvealkoxy; or wherein R"* and R^ combine 
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A compound according to any preceding claim wherein is methyl 
substituted by Ar^. 



10 A compound according to any preceding claim wherein R*. R^ and R® are 
5 independently selected from: hydrogen, halo, phenoxy, phenyl, CF3, OCF3, 

R^ SR^, and OR^ wherein R^ is Ci^kyl optlonaJly substituted by a hef 
group or by a phenyl group optionally substituted by 1 , 2 or 3 groups 
Independently selected from halo, CF3, OCF3, Ci^alkyl and Ci^lkoxy; or 
wherein R* and R^ combine to fomri a 3 atom link wherein said link 
1 0 contains an oxygen atom. 



1 1 A compound according to any preceding daim wherein R^ R^ and R^ are 
independently selected from hydrogen, halo, CF3, OCF3, phenoxy, and 
OCi^salkyl optionally substituted by phenyl optionally substituted by halo, 
15 CF3, OCF3 or Ci^ alkyl. 



1 2 A compound according to any preceding claim wherein R^ R® and R^ are 
independently selected from hydrogen, chloro, OCF3, CF3, phenoxy and 
OCi^ alkyl substituted by phenyl. 

20 

1 3 A compound according to any preceding daim wherein R*. R^ and R® are 
Independently selected from hydrogen, chloro, OCF3 and OC1.3 alkyl 
substituted by phenyl. 



25 1 4 A compound according to any one of daims 1 to 7 wherein het^ Is an 
aromatic 5-6 membered heterocyde containing 1 or 2 nitrogen atoms 
optionally containing a further heteroatom, said heterocyde being 
optionally substituted by 1, 2 or 3 substltuents, each independently 
selected from C1.6 alkyl, halo and phenyl optionally substituted by 1 , 2 or 3 

30 groups independently selected from halo and Ci^ alkyl. 



15 



A compound according to claim 14 wherein het^ is an aromatic 5- 
membered heterocyde containing 1 or 2 nitrogen atoms (optionally 
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a medicament for treating or preventing a cardiovascular disorder, disease 
or condition. 

The use according to claim 19, a pharmaceuticaliy acceptable salt or 
solvate tiiereof, wherein the disorder, disease or condition Is systemic 
hypertension. 

A compound defined In any one of claims 1 to 18, a phamnaceutically 
acceptable salt or solvate thereof, for use as a medicament. 

A phamnaceutical composition comprising a compound defined in any one 
of claims 1 to 18, a pharmaceuticaliy acceptable saK or solvate thereof, 
together with a pheumaceutically acceptable excipient, diluent or carrier. 

A process for preparing a compound of fonnula i as defined in any one of 
claims 1 to 18 comprising reacting a compound of formula II witii a 
suitable reagent to effect cyclisation. 



The use of a PDE9 inhibitor in tiie manufacture of a medicament for 
treating or preventing a cardiovascular disorder, disease or condition. 

The use according to claim 24 wherein tiie PDE9 inhibitor has a greater 
tiian 40% inhibition against PDE9 at a concentration of 1 micromolar. 

The use according to claim 25 wherein tiie PDE9 has a selectivity for 
PDE9 over PDE1 of greater than 10. 
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Continuation of Box 1.2 
Claims Nos.: 24-26 



Present claims 24-26 relate to uses of compounds defined by reference to 
a desirable property, namely inhibition of PDE9. 

These claims cover the use of all compounds revealing inhibition of PDE9 
as characteristic feature, whereas the application provides support 
within the meaning of Article 6 PCI and/or disclosure within the meaning 
of Article 5 POT for only a very limited number of such compounds. In the 
present case, the claims so lack support, and the application so lacks 
disclosure, that a meaningful search over the whole of the claimed scope 
is impossible. Independent of the above reasoning, the claims also lack 
clarity (Article 6 POT). An attempt is made to define the compounds by 
reference to a result to be achieved. Again, this lack of clarity in the 
present case is such as to render a meaningful search over the whole of 
the claimed scope impossible. Consequently, the search has been carried 
out for those parts of claims 24-26 which relate to compounds according 
to formula (I). 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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